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The heart rate variability (HRV) parameters of dairy cows were monitored 
during parlour (PARL) and the later installed automatic (AMS) milking on a 
small-scale commercial dairy farm in Hungary. The aim of the study was to assess 
stress in relation to the type of milking and the frequency of human interaction. 
Parlour milking involved regular moving and crowding of the animals with fre-
quent human interaction, which were much less frequent in automatic milking. 
The first phase of the study was conducted prior to the changeover [n = 27] and 
the second two months afterwards [n = 19 (of the cows from the first phase)]. 
Heart rate (HR) was recorded by the Polar RS800 CX recording system. HRV pa-
rameters indicative of sympathovagal balance were calculated for periods of lying 
and standing in the barn, waiting before milking and milking, respectively. Morn-
ing and evening faecal glucocorticoid concentrations were also measured. Fear of 
humans was tested by an avoidance distance test. Baseline HRV parameters 
showed no difference (P > 0.05) between the two systems. In the periods before, 
during and after milking a higher sympathetic tone was detected in cows in the 
PARL phase. Mean faecal glucocorticoid concentrations were higher at the time 
of parlour milking. The avoidance distance did not differ between the two phases. 
The results suggest that automatic milking might be less stressful for cows than 
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parlour milking, possibly due to the shorter duration of restraint after milking and 
the less frequent human interaction. 
Key words: Animal welfare, dairy cow, heart rate variability, cortisol, 
automatic milking  
Automatic milking systems (milking robot, AMS) were first installed in 
the early 1990s in the Netherlands, and are now used in more than 8,000 dairies 
worldwide (Jacobs and Siegford, 2012a). Compared to parlour milking, automatic 
systems have the inevitable advantage of voluntary milking; however, it takes 
time for the animals to get adapted to a newly installed automatic milking system. 
A novel environment and isolation from mates during the time of milking can 
cause stress in cows (Rushen et al., 2001; Svennersten-Sjaunja and Pettersen, 
2008; Jacobs and Siegford, 2012a). The variability of time intervals between two 
consecutive heartbeats (R–R interval) is a reliable indicator of the changes in the 
parasympathetic tone (von Borell et al., 2007) related to the stress response (Por-
ges, 2003). In farm animals, the parasympathetic branch of the autonomic nerv-
ous system plays a key role in regulating heart rate (HR) in response to stress 
(Hopster and Blokhuis, 1994). Reduced vagal tone was found in cows subjected 
to waiting after parlour milking with non-voluntary exit (Kovács et al., 2013) or 
during milking in a novel milking environment (Sutherland et al., 2012). Heart 
rate variability (HRV-) based studies investigating the stress load involved in 
milking have reported inconsistent results of either higher (Gygax et al., 2008), 
lower (Hopster et al., 2002) or similar (Hagen et al., 2005) sympathetic tone in 
cows milked in robotic units compared to conventional systems.  
The adrenocortical responses to stress can be assessed on the basis of the 
concentration of cortisol metabolites in biological samples (Möstl and Palme, 
2002; Cook, 2012). Potentially painful veterinary procedures such as disbudding 
or rectal examination induce increased cortisol secretion (Nakao et al., 1994; 
Stafford and Mellor, 2011). Rough handling also results in higher plasma cortisol 
concentrations (Bauer et al., 2012). The plasma cortisol concentration is also in-
fluenced by the time of day (Möstl and Palme, 2002), the procedure of blood 
sampling (Negrão et al., 2004) and non-aversive events (Manteca, 1998). A di-
rect relationship between faecal glucocorticoid metabolites, blood cortisol, and 
adrenal activity has been demonstrated in dairy cattle (Morrow et al., 2002; 
Möstl and Palme, 2002). 
The quality of handling during milking is also important, as fear of people 
can be a major source of stress (Rushen and de Pasillé, 2015). Based on the study 
of Windschnurer et al. (2008), the avoidance distance is a good indicator (with 
respect to high inter-observer reliability and repeatability) of the human–animal 
relationship. 
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The aim of the present study was to compare the stress load of milking in 
a parlour system with frequent and sometimes aversive handling with that in an 
automatic milking system with significantly less human interaction. 
 
 
Materials and methods 
Animals and husbandry 
The study was performed on a small-scale (80 lactating cows) commercial 
dairy farm in Hungary (GPS position: N 47.6926935, E 19.6080115) prior to and 
following a changeover in the milking system from a conventional herringbone 
milking parlour to a milking robot. In the first study period (March 2013), when 
the parlour milking system (PARL) was in operation, 27 clinically healthy Hol-
stein-Friesian dairy cows [age = 4.8 ± 1.6 years, parity = 2.6 ± 0.5, days in milk 
(DIM) = 213.3 ± 36.4, body condition score (BCS) = 2.6 ± 0.5, milk yield = 23.1 ± 
9.9 kg] without any clinical or lameness issues in the previous two months were 
examined. In the second part of the study (May 2013) the same animals were in-
volved (BCS = 3.1 ± 0.5, milk yield = 18.3 ± 9.1) two months after the AMS had 
been installed. In the latter period, data from only 19 out of the 27 animals could 
be recorded. The data of the other eight animals deriving from the first study pe-
riod were excluded from the analysis due to calving or being unable to adjust to 
robotic milking. 
Parlour milking. The animals were kept in a free-stall barn bedded with 
rubber mats in two separated production groups (lower yielding and high-
yielding, 35–40 animals each). All the experimental cows were chosen from the 
low-producing group, being in the last trimester of lactation, to avoid any possi-
ble disturbing factors near the early lactation that may affect the HRV parame-
ters. Total mixed ration (TMR) was fed twice a day and water was available ad 
libitum. The cows were milked twice a day (05:00 and 17:00 o’clock) in a 2 × 5 
stall herringbone milking parlour. A single person was responsible for milking 
the cows, including moving them from and back to the barn. It was observed that 
the milker often used aversive handling methods (shouting and sometimes hit-
ting) when forcing the animals to move faster. The animals usually spent a rela-
tively long time (on average 25 min with the extremes of 1 and 53 min) in the 
holding pen outside the milking parlour. 
Automatic milking. The conventional milking parlour was changed to a 1-
stall milking robot (DeLaval VMS, DeLaval International AB, Tumba, Sweden). 
The groups and the area of the barn were united, but no other elements of the 
housing or the feeding regime were changed. Semi-forced cow traffic was in op-
eration, which meant that cows entered the feeding area through a one-way gate, 
and from there – based on the time passed since the last milking – they could ei-
ther reach the resting area or the waiting area of the milking unit through a selec-
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tion gate. After milking, cows returned to the feeding area, and re-entered the 
resting area through the selection gate. The cows spent a short time (1 to 15 min-
utes) in the waiting area of the AMS. 
Recording and analysis of HR and HRV 
Heart rate was recorded using a Polar RS800 CX recording system, in-
cluding two adhesive electrodes and a Polar H3 transmitter (Polar Oy Kempele, 
Finland). During PARL, HR monitors were fitted on the animals after the morn-
ing milking (between 06:30 and 08:00 o’clock) and recordings lasted until re-
turning from the evening milking (between 20:00 and 21:00 o’clock). During the 
AMS period, the electrodes were attached in the morning (between 06:30 and 
08:00 o’clock) and removed after a 24-h recording session. The electrodes were 
positioned and fixed as described in our earlier studies (Kovács et al., 2013, 
2014). The heart rate was recorded continuously after a 2-h acclimatisation pe-
riod. 
In parallel with the HR recordings, the starting and end points of undis-
turbed bouts of lying and standing in the barn (without feeding or ruminating) 
were recorded using a stopwatch, while the duration of waiting before milking 
and of the main phase of milking was determined from video recordings (Canon 
Legria HF M36, CANON, Japan). 
HR and HRV parameters were calculated for the periods of (1) undisturbed 
lying and (2) standing in the barn, (3) the period of waiting in the holding pen/ 
waiting area before milking (PREMILK), and (4) the period from the start of ud-
der preparation until exiting the milking parlour/milking unit (MILK). The R–R 
signal streams were analysed in 3-min time windows (Task Force of ESC-
NASPE, 1996). Longer data streams were subdivided into several segments. 
Taking into account the circadian variation in HR and HRV (Kovács et al., 
2016), the data of one occasion of robotic milking per cow – which was closest 
in time to the time of milking in the parlour system – was included in the analy-
sis. Taking into account the effects of physical activity (Frondelius et al., 2015; 
Kovács et al., 2015b), cardiac parameters calculated for the PREMILK and MILK 
periods were compared to those calculated for periods of undisturbed standing. 
The Kubios HRV software (version 2.0, University of Kuopio, Finland) 
was used for HRV analysis (Tarvainen and Niskanen, 2008). Ectopic heartbeats 
and artefacts were corrected as described in an earlier study (Kovács et al., 
2015a). For computing frequency-domain HRV, R–R intervals were subjected to 
Fast Fourier Transformation of power spectrum analysis (Akselrod et al., 1981). 
Spectral parameters included the normalised power of the high-frequency band 
(HF) and the LF/HF ratio [the ratio between the low frequency (LF) component 
and HF], the latter of which reflects on the sympathovagal balance. The recom-
mendations of von Borell et al. (2007) were considered by setting the limits of 
the spectral components as follows: LF: 0.05–0.20 Hz, HF: 0.20–0.58 Hz. For 
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graphical representation of the correlation between successive R–R intervals, 
where each interval in the time series (RRi+1) is plotted against its successor 
(RRi), the Poincaré plot was used. We calculated the standard deviation 1 (SD1), 
which strongly reflects vagal tone, and the sympathetic measure SD2/SD1 (the 
ratio between standard deviation 2 and SD1) as described in earlier reviews on 
humans (Task Force of ESC-NASPE, 1996) and on farm animals (von Borell et 
al., 2007). 
Analysis of faecal samples 
Faecal samples were collected twice a day for the analysis of cortisol me-
tabolites (Möstl and Palme, 2002). About 50 to 100 g of faeces was obtained 
manually from the rectum once in the morning (immediately after fixing the HR 
monitors, between 06:30 and 08:30 o’clock) and once in the evening (in PARL: 
before removing the heart rate monitors, between 20:00 and 21:00 o’clock; in 
AMS: in the same time period, when animals were standing in the barn). Sam-
ples were stored on ice and frozen at −18 °C within 2 h after collection until 
analysis, as described by Möstl et al. (2002). For the extraction of the faecal glu-
cocorticoid metabolites, samples were thawed at room temperature, stirred, and 
0.5 g of faeces was dispersed in 5 ml of 80% methanol (Palme and Möstl, 1997). 
The dispersion was vortexed for 30 min and centrifuged at +4 °C at 3000 rpm for 
20 min (Möstl et al., 2002). The supernatant was transferred into 1.5-ml Eppen-
dorf tubes and stored at −18 °C until further analysis. A H3 homemade radioim-
munoassay was carried out to determine the concentration of faecal glucocorti-
coid metabolites following the description of Csernus (1982). All samples were 
analyzed in duplicate. Intra-assay and inter-assay coefficients of variation were 
calculated. 
Avoidance distance 
Fear of humans was tested by an avoidance distance test according to the 
Welfare Quality protocol (Welfare Quality, 2009). At the feed bunk, the animals 
were approached at a speed of one step per sec and a step length of approxi-
mately 60 cm with the arm held overhand in an angle of approximately 45° from 
the body, until the animals showed signs of withdrawal or until touching the 
muzzle. We defined withdrawal when the animal moved back, turned their head 
to the side, or pulled back their head trying to get out of the feeding rack. In case 
of withdrawal the avoidance distance was estimated (the distance between the 
hand and the muzzle at the moment of withdrawal) with a resolution of 10 cm 
(200 to 10 cm possible). If withdrawal took place at a distance less than 10 cm, 
the test result was still 10 cm. If the muzzle could be touched, an avoidance dis-
tance of 0 cm was recorded. Animals were retested 30 min later and the average 
of the two measurements were used for statistical analysis. 
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Statistical analysis 
All statistical analyses were performed in the R-3.0.2 statistical environ-
ment (R Core Team, 2015). For reducing the number of statistical comparisons 
between PARL and AMS, cardiac response parameters were calculated as area 
under the curve (AUC), which represents both the magnitude of the response and 
the changes occurring over time (Fekedulegn et al., 2007). Areas under the re-
sponse curves were determined for each individual in the PREMILK and MILK 
periods utilising a trapezoid method described by Lay et al. (1996) as follows: 
AUC = Σ [(Pn + Pn+1)/2 × m – BASELINE], 
where ‘P’ is the HRV parameter at a given time point, ‘m’ is the time in 
minutes between the two P values and ‘baseline’ is the mean value of recorded 
HR and HRV measures during the undisturbed standing position in the barn, be-
fore milking. 
The data were then tested for constant variance (modified robust Brown-
Forsythe Levene-type test) and the Shapiro–Wilk test was used for testing nor-
mality of data for both PARL and AMS periods. For the comparison of cardiac 
autonomic responses between the PARL and AMS periods, the Friedman rank 
sum test were used. Comparisons between the PARL and AMS periods for faecal 
cortisol, avoidance distance as well as HR and HRV parameters calculated for ly-
ing and standing were made by the paired t-test (for data of normal distribution) 
and the Wilcoxon non-parametric test (in case of non-normal distribution). The 
level of significance was set at 0.05 in all cases. 
 
 
Results 
Baseline HR and HRV parameters – calculated for lying and standing – 
showed no differences when comparing the two systems (Table 1). 
In the PREMILK period, the AUC of HR, SD1/SD2 and LF/HF were 
higher, while the AUC of HF was lower in PARL compared to AMS, indicating 
a higher sympathetic tone in parlour milking (Table 2). Comparing the MILK pe-
riod, the HR did not differ between PARL and AMS; however, the AUC values 
of SD2/SD1 and LF/HF were higher, while HF was lower in case of parlour 
milking, again indicating a higher sympathetic tone. 
Concentrations of faecal corticosteroids were significantly higher during 
the parlour milking period, both in the morning and in the evening samples (Ta-
ble 3). 
We found no difference in the avoidance distance between the study peri-
ods (PARL = 23.4 ± 5.7 cm; AMS = 37.1 ± 9.7 cm; P = 0.204). 
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Table 1 
Heart rate and heart rate variability parameters measured in the barn, during lying and standing1 
Lying Standing 
Item2 
Indicative of  
sympathetic/ 
vagal tone PARL
3 AMS4 P value PARL AMS P value 
HR (min–1)  66.2 ± 1.0 66.2 ± 1.1 0.997 78.1 ± 3.5 71.0 ± 1.3 0.335 
HF (n.u.) Vagal tone 46.1 ± 2.5 49.7 ± 2.5 0.387 24.8 ± 4.6 18.6 ± 2.5 1.000 
LF/HF Symp./ 
parasymp.  
balance 
 
 
1.9 ± 0.5 
 
 
1.4 ± 0.2 
 
 
0.952 
 
 
5.6 ± 0.9 
 
 
7.7 ± 1.5 
 
 
0.593 
SD1 (ms) Vagal tone 16.4 ± 1.8 14.5 ± 1.5 0.349 13.9 ± 6.1 9.2 ± 1.1 0.108 
SD2/SD1 Symp. tone 2.9 ± 0.4 3.4 ± 1.2 0.324 6.2 ± 0.9 6.6 ± 0.6 0.660 
1Descriptive statistics are based on means ± SEM of non-transformed data; 2HR = heart rate 
(beats/min); HF = the high-frequency component [where n.u. = normalised units); SD1 = standard 
deviation of instantaneous R–R variability measured from axis 1 in the Poincaré plot; SD2/SD1 = 
the ratio between SD2 (standard deviation of long-term continuous R–R variability measured from 
axis 2 in the Poincaré plot) and SD1; 3PARL = the period of conventional milking; 4AMS = the pe-
riod of automatic milking system 
 
Table 2 
Areas under the curves (AUC) for heart rate and heart rate variability parameters calculated for 
premilking and milking periods1 
Lying Standing 
Item2 
Indicative of  
sympathetic/ 
vagal tone PARL
3 AMS4 P value PARL AMS P value 
HR (min–1)  66.2 ± 1.0 66.2 ± 1.1 0.997 78.1 ± 3.5 71.0 ± 1.3 0.335 
HF (n.u.) Vagal tone 46.1 ± 2.5 49.7 ± 2.5 0.387 24.8 ± 4.6 18.6 ± 2.5 1.000 
LF/HF Symp./ 
parasymp.  
balance 
 
 
1.9 ± 0.5 
 
 
1.4 ± 0.2 
 
 
0.952 
 
 
5.6 ± 0.9 
 
 
7.7 ± 1.5 
 
 
0.593 
SD1 (ms) Vagal tone 16.4 ± 1.8 14.5 ± 1.5 0.349 13.9 ± 6.1 9.2 ± 1.1 0.108 
SD2/SD1 Symp. tone 2.9 ± 0.4 3.4 ± 1.2 0.324 6.2 ± 0.9 6.6 ± 0.6 0.660 
1Descriptive statistics are based on means ± SEM of non-transformed data; 2HR = heart rate 
(beats/min); HF = the high-frequency component [where n.u. = normalised units); SD1 = standard 
deviation of instantaneous R–R variability measured from axis 1 in the Poincaré plot; SD2/SD1 = 
the ratio between SD2 (standard deviation of long-term continuous R–R variability measured from 
axis 2 in the Poincaré plot) and SD1; 3PARL = the period of conventional milking; 4AMS = the pe-
riod of automatic milking system 
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Table 3 
Faecal corticosteroid concentrations during the study periods1 
Corticosteroid concentrations (ng/g) 
Study period2 
Morning Evening 
PARL 54.5 ± 3.1a 58.2 ± 4.3A 
AMS 20.6 ± 1.8b 19.0 ± 1.9B 
1Descriptive statistics are based on means ± SEM of non-
transformed data. Different superscripts in the same col-
umn refer to significant differences between cortisol lev-
els (a,bP < 0.05, A,BP < 0.01); 2PARL = the period of con-
ventional milking, AMS = the period of automatic milk-
ing system 
 
Discussion 
In this study, we have compared the cardiac parameters, faecal glucocorti-
coid concentrations and avoidance distance of cows milked in a parlour and fre-
quently experiencing aversive handling (shouting and sometimes hitting during 
moving them to the milking parlour), to that of the same cows two months after 
parlour milking had been changed to a milking robot and human interaction had 
become less frequent. The handling method during PARL was the way the milker 
handled the animals, it was not an experimental condition. Although Hopster et 
al. (2002) studied the effects of AMS 4 weeks after the changeover, we have 
found that an 8-week interval is more appropriate to exclude not only the effects 
of transition to the new milking system (Weiss et al., 2004, 2005; Jacobs and 
Siegford, 2012b) but also the possible long-term effects of rough handling. Con-
sidering that cows can remember the site of the preferred feed for at least 6 
weeks (Kovalčik and Kovalčik, 1986) and positive handling had prolonged ef-
fects on the avoidance reaction for 8 weeks (Schmied et al., 2008), we supposed 
that unpleasant experiences might as well have a longer-term influence on behav-
iour. Physical activity, space allowance, milking frequency, parity and milk yield 
have a considerable impact on HRV (Kovács et al., 2015b). None of these factors 
changed significantly between the first and the second study period. The experi-
mental animals were in mid- and late lactation and the difference in milk yield 
between the study periods was not significant (P = 0.132). Metabolic disorders 
that might influence behaviour or the level of stress are rare in this period of the 
lactation (Ingvartsen et al., 2003; Brydl et al., 2015). Season has only moderate 
importance in the interpretation of HRV parameters (Kovács et al., 2015b). 
Pregnancy-related weight gain in the given period is not as intensive as in the dry 
period and the body condition scores of the experimental animals did not differ 
significantly (P = 0.08). 
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Baseline HR and HRV parameters calculated for lying and standing did not 
differ between the two milking systems. Earlier studies found elevated (Gygax et 
al., 2008) or similar (Hagen et al., 2005) HR during lying posture in AMS com-
pared to conventional milking systems; however, both studies reported on higher 
basal sympathetic tone in AMS. Hopster et al. (2002) found no difference be-
tween HR and HRV measured during standing in the barn in either parlour or ro-
botic milking systems. We suppose that stress related to the procedure of milking 
in the conventional system is acute, considering that between two milkings the 
cows are left undisturbed in the barn, without human presence, free to rest or per-
form their daily activities, just as in the robotic milking system. 
In the period of PREMILK, there were significant differences between the 
two systems regarding all parameters. AUCs calculated for HR, frequency do-
main and Poincaré measures of HRV indicated lower vagal and higher sympa-
thetic activity in parlour milking. Hopster et al. (2002) also reported lower HR in 
the waiting area in AMS, compared to PARL. Stress was presumably a result of 
aversive handling methods (Pajor et al., 2000) or crowding in the holding area 
(Morgan and Tromborg, 2007; Kovács et al., 2013). 
During the MILK period, HRV parameters reflected lower vagal tone and 
higher sympathetic activity in cows in PARL compared to AMS. Waiting for ex-
iting the milking stall after the milking has finished is stressful for cows (Kovács 
et al., 2013). In PARL, it took an inevitably longer time (4.8 ± 1.0 min), due to 
the individual differences in milk let-down speed, compared to AMS, where it 
was considerably shorter (0.3 ± 0.15 min). 
Earlier results investigating the changes of HR and HRV during milking in 
AMS or PARL are inconsistent. Gygax et al. (2008) reported an increased stress 
level (higher HR and lower vagal tone) in AMS, Hopster et al. (2002) found 
lower HR and adrenaline levels in AMS, whereas Hagen et al. (2005) found no 
difference in HR and HRV between AMS and PARL. Their results suggest that 
there are multiple factors that can influence the level of stress experienced during 
milking, which are needed to be identified and compared in further stress as-
sessment studies. Considering that in the present study the basal HRV parameters 
did not differ between the two study periods, the changes in HRV measured dur-
ing PREMILK and MILK must have arisen from differences in the milking sys-
tem and in the way of handling. 
Faecal cortisol concentrations determined twice a day adequately represent 
the level of stress experienced in the preceding 24 h (Möstl and Palme, 2002). In 
the present study, faecal cortisol concentrations were higher in the period of 
PARL than in AMS. Others have found no difference in cortisol concentrations 
measured in plasma (Hopster et al., 2002; Abeni et al., 2005), milk (Gygax et al., 
2006) or faeces (Hopster et al., 2002). Considering that basal HRV parameters 
did not differ between the two study periods, the increase in hypothalamic–
pituitary–adrenal (HPA) activity in PARL can be linked to the effects of human 
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interaction (Bauer et al., 2012) or the differences in the type of milking (Gorewit 
et al., 1992). 
The avoidance distance did not differ in PARL and AMS in our study. The 
cows seem to remember and avoid those stockpersons who have treated them 
roughly (Munksgaard et al., 1997, 2001), and it was shown that the avoidance 
distance increases on farms where rough handling is frequent (Waiblinger et al., 
2003; Rushen and de Pasillé., 2015). Cows can distinguish people and seem to 
generalise previous experience, especially if the people working around them 
wear clothing of the same colour (Munksgaard et al., 1997, 2001). In our study, 
the milker was not present at the time of the avoidance distance testing, and the 
persons performing the test were unfamiliar to cows and wore clothing that dif-
fered from that of the farm workers. The avoidance distance was relatively short 
in both the PARL and AMS periods. Two explanations may be assumed: (1) The 
negative experiences during handling the animals in relation to milking had not 
been generalised to other situations. (2) The type of avoidance distance testing 
was not sensitive enough to measure fine differences between the same animals 
at two time points, especially if we hope for an improvement of already small 
values. A slightly different approach (MacKay et al., 2014) may be more sensi-
tive in such situations. Nevertheless, it is not common that farms employ only a 
single person for all the tasks involved in milking, including the herding of the 
animals. 
 
Conclusions 
In this study, parlour milking caused greater stress in dairy cows than ro-
botic milking. The difference between conventional and automatic milking pri-
marily arises from the duration of restraint after milking and the frequency and 
quality of animal handling. Increasing our knowledge on the nature of stressors 
involved in the process of milking – e.g. the quality of the milking routine, the 
attitude of milkers, the effects of isolation from herdmates, novelty in the envi-
ronment, etc. – would help identify the most critical elements of parlour milking 
and improve animal welfare in conventional milking systems. 
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